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• Drivers: 
• Technical, Political, Economical, 
Ecological, 
• Concentrating Solar Systems
• Solar technology developments and 
demonstrations
• Thermochemicl heat storage
• Thermochemical fuels
• Chemicals and materials
• Outlook
Overview
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Development of EU GHG emissions [Gt CO2e]
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• Goals of the EU until 2020 (20/20/20)
• 20% higher energy efficiency
• 20% less GHG emission
• 20% renewable energy
• Goal of the EU until 2050: 
• 80% less CO2 emissions than 1990
• G7 Goals, Elmau, Germany
• 100% Decarbonisation until 2100
• 100 bln $/year for climate actions in developing 
countries, large share by industrial investment 
from 2020 
Political Drivers: Examples – EU Sustainable Energy 
Technology Plan (SET-Plan 2007) G7 Goals (2015)
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Kawasaki Vision – Hydrogen Potential from Overseas
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Kawasaki vision for the cryogenic liquid hydrogen 
market – team-up with Shell (March 15, 2016)
http://global.kawasaki.com/en/stories/hydrogen/
CHIYODA – Hydrogen Vision
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A. Meier, PSI, CH
Solar Towers
> MRS Fall Meeting 2015, Boston, MA, U.S.A. > Sattler, Agrafiotis, Roeb, Tescari, Wong  > December 1st, 2015 DLR.de  •  Chart 9













8 km = 5 mls.
37  MWe
Centralized Energy Supply – Solar Troughs and Towers
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Main Features
 Typical plant size: 10 – 200 MWe
 Conv. thermal cycle efficiency: 35-42%
Typical solar plant operation
Thermal Energy Storage (TES)
Storage provides
 decoupling of energy collection and 
electricity generation
 helping grid stability
 higher value: power production can 
match utility needs
















• High energy densities with low storage cost
• Ambient and long term storage
• Transportability
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Reaction Temp (°C)
H2SO4 Decomposition 2H2SO4→ 2H2O(g) + O2(g) + 2SO2(g) 800
SO2 Disproportionation 2H2O(l) + 3SO2(g) → 2H2SO4(aq)+ S(l) 150
Sulfur Combustion S(s,l) + O2(g) → SO2(g) 1200
Solar energy can be stored in elemental sulfur via a three 
step thermochemical cycle
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Co3O4 /CoO
• Co3O4 can operate in a quantitative, 
cyclic and fully reversible reduction/ 
oxidation mode within 800-1000oC 
(950oC).
• As powder, coated on honeycombs/ 
foams or shaped in foams.
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Co3O4-loaded Cordierite foam 985-785
oC, 5 oC/min; long-term cycling
500 1000 1500 2000 2500
Co3O4 powder, 30 cycles: 985-785
oC, 5 oC/min











































Co3O4 made foams, cycles 1-30
 Foam, 30 ppi, No 1
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considering half of one chamber (≈25kg cobalt)








Charge 38 11.2 3.5 h 1 h
Discharge 32 9.6 3.25 h 1 h
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SMR SSMR CG SPCR
CO2 Reduction 20 – 50%
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ASTERIX: Allothermal Steam Reforming of Methan
- DLR, Steinmüller, CIEMAT
- 180 kW plant at the Plataforma Solar de Almería, Spain 
(1990)
- Convective heated tube cracker as reformer
- Tubular receiver for air heating
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Solar pilot plants demonstrated in the power range of 200-500 kWth
Solar steam reforming of Solar steam gasification of 
natural gas / methane carbonaceous feedstock
SOLGAS (200 + 600  kWth) SOLREF (400 kWth) SYNPET (500 kWth) SOLSYN (250 KWth)
CSIRO, Australia DLR, Germany CIEMAT, Spain PSI, Switzerland
Near-term: Solar Production of Syngas (H2 and CO)
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Solar Fuels:
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HYDROSOL Development










Hydrosol Plant - Design for CRS tower PSA, Spain 
• European FCH-JU project
• Partner: APTL (GR), HELPE 
(GR), CIEMAT (ES), HYGEAR 
(NL)
• 3 * 750 kWth demonstration of
thermochemical water splitting
• Location: Plataforma Solar de 
Almería, Spain, 2016
• Reactor set-up on the CRS 
tower
• Storage tanks and PSA on the
ground
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Solar Production of Jet Fuel 
 EU-FP7 Project SOLAR-JET (2011-2015)
 SOLAR-JET aims to ascertain 
the potential for producing jet fuel from
concentrated sunlight, CO2, and water.
 SOLAR-JET will optimize a two-step 
solar thermochemical cycle based on 
ceria redox reactions to produce 
synthesis gas (syngas) from CO2
and water, achieving higher solar-to-fuel 
energy conversion efficiency over 
current bio and solar fuel processes.
First jet fuel produced in 
Fischer-Tropsch (FT) unit 
from solar-produced syngas!
H2O/CO2-Splitting Thermochemical Cycles 
Partners: Bauhaus Luftfahrt (D), ETH (CH), 
DLR (D), SHELL (NL), ARTTIC (F)
Funding: EC
Int. J. Heat & Fluid Flow 29, 315-326, 2008.
Materials 5, 192-209, 2012.
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http://www.solar-jet.aero/
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SOL2HY2 – Solar To Hydrogen Hybrid Cycles
• FCH JU project on the solar 
driven Utilization of waste 
SO2 from fossil sources for 
co-production of hydrogen 
and sulphuric acid
• Hybridization by usage of 
renewable energy for 
electrolysis
• Partners: EngineSoft (IT), 
Aalto University (FI), DLR 
(DE), ENEA (IT), Outotec (FI), 
Erbicol (CH), Oy Woikoski (FI)
• >100 kW demonstration plant 
on the solar tower in Jülich, 
Germany in 2015
OutotecTM Open Cycle (OOC)
https://sol2hy2.eurocoord.com
• Utilization of waste SO2 from fossil sources
• Co-production of hydrogen and sulphuric acid
• Hybridization by renewable energy for electrolysis
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Investments vs. revenues
• Reduction of initial investments
• Financing of HyS development by payback of OOC
• Increase of total revenues
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Design of SOL2HY2 pilot plant
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Solar receiver
H2SO4(aq)


















Solar Aluminium Melting in a Directly Heated Rotary Kiln
• Aim
• Demonstration of solar aluminium recycling in a 20 kW rotary kiln
• Develop process concept for a commercial pilot plant
• Driver: Reduce the electricity demand from the grid
South African partners
CSIR – Council for Scientific and Industrial Research
NFTN – National Foundry Technology Network
Eskom – South African National Electricity 
Generator and Distributor
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SOWARLA Plant, 
Lampoldshausen, Germany
240 m² Receiver (3*4.5 m³/d)
in operation since 2009!






UV Plant 4.52 €/m3
SOWARLA 0.50 €/m3
SOWARLA hybrid 1.06 €/m3
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STAGE-STE
Scientific and Technological Alliance for Guaranteeing the European Excellence in 
Concentrating Solar Thermal Energy (2014-2017)
WP1: Consortium Governance and 
Management Issues
WP2: Integrating Activities for Long-
lasting Research Cooperation
WP3 Enhancement of STE Research 
Facilities Cooperation
WP4 Capacity Building and Training
WP5 Relationship with Industry & 
Transfer of Knowledge Activities
WP6 International Cooperation Activities
WP7: Thermal Energy Storage
WP8: Materials for Solar Receivers and STE 
Components
WP9: Solar Fuels
WP10: STE plus Desalination
WP11: Linear focusing STE Technologies
WP12: Point focusing STE Technologies
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• WPs 7 to 12 involve 6 parallel 
individual research projects dealing 
with the whole current spectrum of 
STE research activities. 
• Each WP is devoted to address the 
execution of considered most urgent 
research activities according to the 
defined EERA Subprogrames, 
complemented with the missing 
elements to address the indicated 
whole spectrum of research activities
























































Potential of Solar Energy – the new economy?
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Power/fuel production of solar plants
of the size of Lake Assuan equals
(energetically) the entire crude oil
production of the Middle East
World
EU-25 Germany
M. Schmitz, TSK Flagsol
Our Future Visions
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Thank you very much for your attention! 
